ABSTRACT A novel scheme is proposed in this paper, which realizes the cyclic and bidirectional teleportation via pseudo multi-qubit entangled states. To realize the teleportation completely, it utilizes controlled-NOT operation to obtain a quantum channel whose number of qubits reaches twelve. In this scheme, Alice can teleport her qubits to Bob and Charlie, Bob can teleport his qubits to Alice and Charlie while Charlie teleports his qubits to Alice and Bob, respectively, they reconstruct the original state and make the scheme perfectly by performing Bell-state measurement and appropriate unitary operation.
I. INTRODUCTION
Quantum entanglement plays an important role in quantum information and quantum computing, which has been utilized to implement various tasks of quantum communication, such as quantum teleportation (QT) [1] - [24] , quantum key distribution (QKD) [26] , [27] , remote state preparation (RSP) [28] - [31] , quantum secret sharing (QSS) [32] , [33] and so on.
QT has been considered as one of the crucial portions of the quantum information theory which allows for the transmission of unknown entangled states between legitimate users via quantum channel. QT can realize the teleportation of an arbitrary unknown state while sender knows the target state in RSP, although QT need the assistance of more classical qubits when teleports the same number of qubits, it can achieve higher success probability compared with RSP. This is a both attractive and valuable task, and it has a striking development in theory as well as experiment. The original scheme was proposed in 1993 by Bennett et al. [1] , where an Einstein-Podolsky-Rosen (EPR) was utilized as entangled channel. After that, various theoretical protocols based on different kinds of entangled states have been proposed [2] - [12] , The associate editor coordinating the review of this manuscript and approving it for publication was Soon Xin Ng. a number of which has been implemented into experimental stage. In 2013, Zha et al. [13] . put forward the original bidirectional controlled quantum teleportation (BCQT) protocol via five-qubit cluster state, where two legitimate users can teleport their arbitrary unknown states to each other respectively under the control of the supervisor. The novel type of QT has attracted many attentions from then on, different kinds of entangled states like five-qubit entangled state [14] , six-qubit entangled state [15] , maximally seven-qubit entangled state [16] , have been utilized as quantum channel to realize BCQT. In 2015, Zhang et al. proposed a scheme of asymmetric and bidirectional controlled teleportation using maximally eight-qubit entangled state [17] . Last year, Yang et al. [18] presented a novel scheme of BQT in noisy channel by performing weak measurement. Gou et al. [19] put forward a scheme based on probabilistic resumable bidirectional quantum teleportation.
Cyclic quantum teleportation, a brand-new model of transmission, has been proposed lately. In 2017, Chen et al. [20] put forward the first scheme of cyclic quantum teleportation where three arbitrary unknown single-qubit states were teleported via a six-qubit entangled state among three participants. Sang [21] proposed a scheme in regard to cyclic controlled teleportation using seven-qubit entangled state under the control of supervisor David soon afterwards.
Recently, Sisodia et al. [22] proposed an optimal scheme for teleportation of an n-qubit quantum state and Toy [23] presented an efficient scheme for the quantum teleportation of a sub-class of tripartite entangled states, both of them have designed the corresponding quantum circuit, the latter has done the simulation using IBM's real quantum processor.
To teleport more particles among three particles and realize a both original and efficient scheme, in this task, we demonstrate a novel and efficient scheme on the basis of combination between cyclic model and traditional bidirectional model of teleportation, where quantum channel is a pseudo multi-qubit state and generated with the help of controlled-NOT (CNOT). Alice Bob and Charlie, the three legitimate users, hold two-qubit entangled states respectively and teleport their qubits to each other, the scheme can be prepared well by appropriate unitary operation. Compared with the schemes above, this is a more efficient idea.
The paper is structured as follows: In Sect. 2 (A), we briefly introduce generation of pseudo multi-qubit states. In Sect. 2 (B), we elaborate the cyclic and bidirectional teleportation scheme and its schematic as well as quantum circuit. We calculate the efficiency and make a comparison in Sect. 3. Finally, we make a summary about the paper in Sect. 4.
II. SCHEME FOR TRIPARTITE TELEPORTATION OF TWO-QUBIT ENTANGLED STATES A. GENERATION OF THE PSEUDO MULTI-QUBIT STATE
It is necessary to prepare the multi-qubit states with enough entangled particles to achieve this cyclic bidirectional teleportation. Here, we prepare a six-qubit entangled state firstly and it can be described as follows:
Then we can obtain the pseudo multi-qubit states by 'copying' every qubit In |ψ 6 , the specific way is doing CNOT operations on the six-qubit cluster state and auxiliary qubits |0 t , where the six qubits and auxiliary qubits work as control qubits and target qubits respectively, the action of the operation can be represented by |1 |2 |3 |4 |5 |6 → |1 |t ⊕ 1 |2 |t ⊕ 2 |3 |t ⊕ 3 |4 |t ⊕ 4 |5 |t ⊕ 5 |6 |t ⊕ 6 . After the operation, the whole state will be changed into the following state: The state has been expanded through the CNOT and the state | 12 above will be utilized as the quantum channel for implementing the bidirectional teleportation among three legitimate participants in this paper.
B. DESCRIPTION OF THE PROPOSED SCHEME
In this scheme, the three users, Alice, Bob and Charlie, have an arbitrary two-qubit entangled state respectively, which are given by
Here, assuming that Alice holds qubit α and she wants to transfer α 1 , α 2 to Bob and Charlie respectively. Bob
The schematic demonstration is illustrated in Fig.1.   FIGURE 1 . The schematic of the protocol, it is clearly that three users teleport their specific qubits by utilizing appropriate quantum channel and BSM to realize the cyclic and bidirectional quantum teleportation.
The scheme consists of the following steps:
Step 1: Supposing that three legitimate users Alice, Bob, and Charlie share the multi-qubit entangled state above as (2) , where the qubits 3,6,9,12 belong to Alice, qubits 1,4,7,10 belong to Bob, and qubits 2,5,8,11 belong to Charlie respectively, so the multi-qubit entangled state can be rewritten as (6):
all the qubits are in pure product states and the whole system here can be expressed by
Step 2: In order to realize the cyclic and bidirectional teleportation, Alice must perform a complete Bell-state measurement (BSM) on her qubits α 1 and A 1 , the Bell-state measurement basics are given by:
If Alice's BSM result were | + α 1 A 1 , the remaining particles might collapse into the product state:
Step 3: Subsequently, Bob carries out a BSM on his own qubits β 2 and B 3 , the basics are as same as the (8-11) above. If the result were | + , the rest of particles would collapse into a new state:
Step 4: At the same time, Charlie measures his qubits γ 1 and C 1 based on the same basis, if the result were | + , the other qubits would collapse into the following state:
Step 5: It will realize the reversely circulatory teleportation in this step. Firstly, Alice sticks at measuring her qubits α 2 and A 3 , when the result of measurement is | + , the remaining qubits are collapsed into the state:
Step 6: Charlie performs the BSM on qubits γ 2 , C 1 and if the result were | + , the other qubits might collapse to the following state:
Step 7: Finally, Bob performs the BSM on his qubits β 1 and B 1 , when the result is | + , the remaining particles are collapsed into the state shown in (17):
The formula above can be rewritten as following:
As is shown in the (18) clearly, Alice Bob and Charlie can reconstruct the desired state after sharing their results of measurement via classical communication.
One of the possible outcomes of measurements and appropriate unitary operations are presented in table 1(the possible outcomes are so many but legitimate and verifiable, so we do not show them all):
There are 4 6 possible results of measurement in this scheme, according to which, the three legitimate participants can obtain the original target state by applying the appropriate unitary operation on their own qubits. Thus, the cyclic and bidirectional teleportation that based on pseudo multi-qubit states is successfully achieved. 
III. EFFICIENCY ANALYSIS AND COMPARISON
The most significant innovation of the proposed scheme reflected in realizing the tripartite teleportation among senders (receivers) Alice Bob and Charlie via multi-qubit states, which is not only cyclic but also bidirectional. Moreover, efficiency is a main factor utilizing for weighing the superiority of protocols [24] and it is defined as (19) ,
Here, the efficiency equals to the ratio of c (the number of qubits teleported in quantum channel) and q (the total number of qubits).
The proposed scheme in this paper realizes the teleportation of two-qubit entangled states by using twelve-qubit states as quantum channel among Alice, Bob and Charlie, so the qubits efficiency of the proposed scheme can reach 50%. Comparing with the scheme [20] , [21] , it is obvious that the proposed scheme is high-efficiency according to the date. In addition, the qubits efficiency can be calculated in another manner that proposed by Banerjee and Pathak [25] , where the classical qubits are put into consideration, and it can be described as (20)
Here, b t represents the number of qubits used as the classical channel. Because of performing the same BSM for six times, the qubits efficiency will be 25% in the second way, but it is still a respectable number.
IV. CONCLUSION
In this paper, it is the first time to demonstrate the scheme for cyclic and bidirectional teleportation, where the three legitimate users Alice, Bob and Charlie are all in procession of two-qubit entangled states, Alice transmits her qubits to Bob and Charlie respectively, Bob transmits his qubits to Alice and Charlie, meanwhile Charlie transmits his qubits to the other two users. In our scheme, it can get the pseudo multi-qubit states by the CNOT and tensor product of six Bell states which has been demonstrated experimentally. As we all know, Bell sates can be prepared by the CNOT on superposition of single-qubit states, so the pseudo multi-qubit sates can be easily realized experimentally by performing the same idea. In the process, the three legitimate users choose the Bell-state measurement basis independently. Eventually, they make the teleportation come true by implementing the appropriate unitary operation after getting the measurement results that transmitted from others via classical channel. What's more, we suggest the efficiency could be further increased if the senders employed more suitable quantum channel and measurement basis, we also hope that the proposed protocol will be implemented into experiment.
